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Abstract
We study D0D¯0 pairs produced in e+e− collisions at
√
s = 3.773 GeV using a data sample of 2.92 f b−1 collected with
the BESIII detector. Using world-average values of external parameters, we obtain cos δKπ = 1.02±0.11±0.06±0.01,
δKπ is the strong phase diﬀerence between the doubly Cabibbo-suppressed process D¯0→K−π+ and the Cabibbo-
favored process D0→K−π+. A measurement of the parameter yCP in D0 − D¯0 oscillations is performed by taking
advantage of quantum coherence between pair-produced D0 and D¯0 mesons near threshold, the preliminary result is
yCP = (−1.6 ± 1.3 ± 0.6)%. An analysis of the D+→K0S π+π0 Dalitz plot is performed, the Dalitz plot is found to
be well presented by a combination of six quasi-two-body decay channels [K0S ρ
+, K0S ρ(1450)
+, K¯∗0π+, K¯0(1430)0π+,
K¯(1680)0π+, κ¯0π+] plus a small nonresonant component. Using the ﬁt fractions from this analysis, partial branching
ratios are updated with higher precision than previous measurements.
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1. Introduction
Mixing of neutral mesons occurs when the ﬂavor
eigenstates diﬀer from the physical mass eigenstates. In
charm sector, D0 − D¯0 mixing is a small eﬀect in the
Standard Model. While the short-distance eﬀect is sup-
pressed both by CKM matrix [1] and the GIM mecha-
nism [2], charm mixing is expected to be dominated by
long-distance process which make it diﬃcult to be cal-
culated reliably. To measure the charm mixing param-
eters helps to study the size of the long distance eﬀect
and search for new physics [3]. Many sophisticated ex-
perimental eﬀorts have been made in the past decades,
and these results indicate that D0 and D¯0 do mix. Char-
m mixing is established by the LHCb [4] in 2013 and
veriﬁed by the CDF [5] and Belle [6] experiment, sub-
sequently.
Conventionally, charm mixing is described by two di-
mensionless parameters x = 2M1−M2
Γ1+Γ2
and y = Γ1−Γ2
Γ1+Γ2
,
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where M1,2 and Γ1,2 are the masses and widths of t-
wo mass eigenstates. The mass eigenstates of D which
are linear combinations of ﬂavor eigenstates are ex-
pressed as |D1,2〉 = p|D0〉 + q|D¯0〉, where p and q are
complex parameters and they have phase diﬀerence φ.
With the help of the conventions CP|D0〉 = |D¯0〉, CP
eigenstates can be written as |DCP+〉 ≡ |D0〉+|D¯0〉√2 and
|DCP−〉 ≡ |D0〉−|D¯0〉√2 . The parameter yCP can also be de-
ﬁned to express the diﬀerences between eﬀective life-
time of D decays to CP eigenstates and ﬂavor eigen-
states. In the absence of direct CP violation, but allow-
ing for small indirect CP violation [7], we have
yCP =
1
2
[ycosφ(| q
p
| + | p
q
|) − xsinφ(| q
p
| − | p
q
|)]. (1)
In case of noCPV , we have |p/q| = 1 and φ = 0. Hence,
yCP = y.
So far, most of our knowledge about D0 − D¯0 mix-
ing are from time-dependent measurements. And the
most precise determination of the size of the mixing
are obtained by focusing on the time-dependent de-
cay rate of the wrong-sign process D0→K+π−. These
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analyses are sensitive to y′ ≡ y cos δKπ − x sin δKπ
and x′ ≡ x cos δKπ + y sin δKπ [4, 5, 8]. Where the
−δKπ is the relative strong phase between the doubly
Cabibbo-suppressed (DCS) decay D0→K+π− and the
corresponding Cabibbo-favored (CF) D¯0→K−π+
〈K−π+|D¯0〉
〈K−π+|D0〉 = −re
−iδKπ . (2)
Here, r =
∣∣∣∣ 〈K−π+ |D¯0〉〈K−π+ |D0〉
∣∣∣∣ . The measurement of δKπ can al-
low x and y to be extracted from x′ and y′. Determina-
tion of δKπ is important for this extraction. Furthermore,
ﬁner precision of δKπ helps the γ/φ3 angle measure-
ment in CKM matrix according to the so-called ADS
method [9]. In the limit of CP conservation, δK−π+ is
the same as δK+π− . We use the notation of K−π+, and
its charge conjugation mode is always implied to be in-
cluded throughout the report.
At BESIII, δKπ and yCP can be determined using the
time-independent measurements. In the mass-threshold
production process e+e−→D0D¯0, the D0D¯0 pair is in a
state of deﬁnite C = −, because of the initial state (the
virtual photon) has JPC = 1−−. Thus the D0 and D¯0
mesons are quantum-correlated. This provides an u-
nique way to probe D0− D¯0 mixing as well as the strong
phase diﬀerences between D0 and D¯0 decays [10].
Three-body decays provide a rich laboratory in which
to study the interferences between intermediate-state
resonances. They also provide a direct probe of ﬁnal-
state interactions in certain decays. When a particle
decays into three pseudo-scalar particles, intermediate
resonances which dominate the decay rate and ampli-
tudes are typically obtained with a Dalitz plot analy-
sis technique [11]. This provides both the amplitudes
and phases of the intermediate decay channels, which
in turn allows us to deduce their relative branching frac-
tions. These phase diﬀerences can even allow details
about very broad resonances to be extracted by observ-
ing their interference with other intermediate states.
The previous Dalitz plot analysis of D+ → K0S π+π0
by MARKIII [12] included only two intermediate decay
channels, K0S ρ and K¯
∗0π+, and was based on a small data
set. With much larger statistics, it is possible to measure
relative branching fractions more precisely and to ﬁnd
more intermediate resonances for BESIII.
A large contribution from a Kπ S -wave intermediate
state has been observed in earlier experiments. Both
E791 [13][14] and CLEO-c [15] interpreted their data
with a Model-Independent Partial Wave Analysis (MIP-
WA) and found a phase shift at low Kπ mass to conﬁrm
the κπ component in the D+ → K−π+π+ decay. Com-
plementary to this channel, the D+ → K0S π+π0 decay
is also a golden channel to study the Kπ S -wave in D
decays.
In this report, we present the determination of δKπ and
preliminary result of yCP by analysing coherent D0D¯0
decays, and Dalitz plot analysis of D+ → K0S π+π0.
These analyses are based on 2.92 fb−1 data at
√
s =
3.773GeV in e+e− collisions collected with the BESI-
II detector. Details of the BESIII detector can be found
elsewhere [16].
2. Measurement of the relative strong phase δKπ
With the assumption of CP conservation, the relative
strong phase δKπ can be accessed using these following
formula [17] [18]
2r cos δKπ + y = (1 + RWS) · ACP→Kπ, (3)
ACP→Kπ = BDCP−→Kπ − BDCP+→KπBDCP−→Kπ + BDCP+→Kπ
(4)
where RWS is the decay rate ratio of the wrong sign pro-
cess D¯0→Kπ and the right sign process D0→Kπ and B
denotes branching fractions. Beneﬁting from quantum-
coherence, at BESIII, we can use CP tagging method to
measure the branching fractions
BDCP∓→Kπ = nKπ,CP±nCP± ·
εCP±
εKπ,CP±
, (5)
In addition, most of systematic errors can be cancelled.
Here, nCP± (nKπ,CP±) and εCP± (εKπ,CP±) are yields and
detection eﬃciencies of single tags (ST) of D→CP±
(double tags (DT) of D0D¯0→CP±; Kπ), respectively.
With external inputs of the parameters of r, y and RWS,
one can extract δKπ.
In this analysis, 5 CP-even D0 decay modes
(K+K−, π+π−,K0S π
0π0, π0π0, ρ0π0) and 3 CP-odd modes
(K0S π
0,K0S η,K
0
Sω) are used, with π
0→γγ, η→γγ,
K0S→π+π− and ω→π+π−π0. The key variable
MBC ≡
√
E20/c
4 − |pD|2/c2 (6)
is used to identify signals. Here pD is the total mo-
mentum of the D0 candidate and E0 is the beam energy.
Maximum likelihood ﬁts are performed to MBC distribu-
tion to get yields of theCP ST signals. Signals are mod-
eled using the shape derived from MC simulation con-
voluted with a smearing Gaussian function, and back-
grounds are described by the ARGUS function [19]. In
the events of the CP ST modes, the Kπ combination-
s are reconstructed using the remaining charged tracks
with respect to the ST D candidates. Similar ﬁts are per-
formed to the distributions of MBC(D→CP±) in the sur-
vived DT events to estimate yields of DT signals. These
ﬁts are shown in Fig. 1.
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Figure 1: In both ﬁgures, data are shown in points with error bars.
The solid red lines show the total ﬁts and the dashed blue lines show
the background shapes.
We get ACP→Kπ = (12.7 ± 1.3 ± 0.7)%, where the
ﬁrst uncertainty is statistical and the second is system-
atic. To measure the strong phase δKπ in Eq. 3, we
quote the external inputs of RD = r2 = (3.47 ± 0.06)‰,
y = (6.6 ± 0.9)‰, and RWS = (3.80 ± 0.05)‰ from
HFAG 2013 [20] and PDG [7]. Finally, we obtain
cos δKπ = 1.02 ± 0.11 ± 0.06 ± 0.01, where the ﬁrst
uncertainty is statistical, the second uncertainty is sys-
tematic, and the third uncertainty is due to the errors
introduced by the external input parameters. This result
is more precise than CLEO’s measurement [17, 20] and
provides the world best constrain on δKπ.
3. Measurement of yCP
yCP can be extracted by the semileptonic decays of
D0 → l using the following equation [18]
yCP =
1
4
(
BDCP−→l
BDCP+→l
− BDCP+→lBDCP−→l
), (7)
where the branching ratios BCP∓ can be obtained by
BCP∓ = nl;CP±nCP± ·
εCP±
εl; CP±
. (8)
To combine results from diﬀerent tag modes, we de-
termine yCP using B˜± which is obtained from χ2 =∑
α
(B˜±−Bα±)2
(σα±)2
. Here, α denotes diﬀerent CP-tag modes.
3 CP-even tag modes (K+K−, π+π−, KS π0π0) and 3 CP-
odd tag modes (K0S π
0, K0Sω, K
0
S η )are used in this anal-
ysis. Similar to the analysis of δKπ, ST yields are esti-
mated by ﬁtting to the MBC distributions. Semileptonic
decays of D→Keν and D→Kμν are reconstructed with
respect to the CP-tagged D candidates in ST events.
These reconstruction are partial reconstruction due to
the undetectable neutrino in the ﬁnal states. Variable
Umiss is deﬁned to distinguish the semileptonic signals
from backgrounds
Umiss ≡ Emiss − |pmiss|, (9)
 (GeV)missU
-0.1 -0.05 0 0.05 0.1
E
ve
n
ts
 / 
( 
0.
00
5 
)
0
50
100
150
200
E
ve
n
ts
 / 
( 
0.
00
5 
)
ν, Ke-K+K
(a) Umiss ﬁt for CP-tagged Keν
 (GeV)missU
-0.1 -0.05 0 0.05 0.1
E
ve
n
ts
 / 
( 
0.
00
5 
)
0
50
100
150
200
E
ve
n
ts
 / 
( 
0.
00
5 
)
νμ, K-K+K
(b) Umiss ﬁt for CP-tagged Kμν
Figure 2: Umiss distributions and ﬁts to data.
Emiss ≡ E0 − EK − El, (10)
pmiss ≡ −[pK + pl + pˆST
√
E20 − m2D]. (11)
Here, EK/l (pK/l) is the energy (three-momentum) of K±
or lepton l∓, pˆST is the unit vector in the reconstructed
direction of the CP-tagged D and mD is the nominal D0
mass. Umiss of correctly-reconstructed signals should
peaks at zero. Umiss ﬁt plots are shown in Fig. 2.
In the Umiss ﬁtting, for Keν mode, signal shape is
modeled using MC shape convoluted with an asym-
metric Gaussian and backgrounds are described with a
1st-order polynomial function. For Kμν mode, signal
shape is modeled using MC shape convoluted with an
asymmetric Gaussian. Backgrounds of Keν are mod-
eled using MC shape and their relative rate to the sig-
nals are ﬁxed. Shape of Kππ0 backgrounds are taken
from MC simulations with convolution of a smearing
Gaussian function; parameters of the smearing func-
tion are ﬁxed according to ﬁts to the control sample
of D→Kππ0 events. Size of Kππ0 backgrounds are
ﬁxed by scaling the number of Kππ0 events in the con-
trol sample to the number in the signal region accord-
ing to the ratio estimated from MC simulations. Other
backgrounds are described with a 1st-order polynomi-
al function. Finally, we obtain the preliminary result as
yCP = (−1.6± 1.3± 0.6)%, where the ﬁrst uncertainty is
statistical, the second uncertainty is systematic. The re-
sult is compatible with the previous measurements [20].
This is the most precise measurement of yCP based on
D0D¯0 threshold productions. However, its precision is
still statistically limited.
4. Dalitz Plot Analysis of D+ → K0
S
π+π0
The likelihood function is deﬁned as L =∏N
i=1 P(xi, yi), where N is the event number and P(x, y)
is the probability density function on Dalitz plot. For
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signal with background in data, it is described as
P(x, y) = fS |M(x, y)|
2ε(x, y)∫
DP
|M(x, y)|2ε(x, y)dxdy
+ fB
B(x, y)∫
DP
B(x, y)dxdy
, (12)
whereM(x, y) is the decay matrix element, ε(x, y) is the
eﬃciency shape, B(x, y) is the background shape, fS and
fB are the fractions of signal and background, respec-
tively. The DP denotes the kinematic limit on the Dalitz
ploy. The decay matrix element is contributed by iso-
bar model. The eﬃciency is parameterized by Monte-
Carlo sample [21]. The background includes two parts:
peaking background and non-peaking background. The
peaking background is estimated by Monte-Carlo sim-
ulation, and the non-peaking background is parameter-
ized by the low and high sidebands of the distribution
of the recoiling mass of selected D meson mrec of data.
The fractions of signal and background are ﬁtted by the
distribution of the mrec.
Based on 166,694 selected candidate events with
a background of 15.1%, a decay matrix element is
constructed by possible intermediate resonance decay
modes. After more possible intermediate resonance de-
cay modes were considered in diﬀerent isobar models,
three models are compared principally, the Cabbibo fa-
vored model, the model without the κ¯ and the model
without the non-resonant. The results are listed in the
column “Favored”, “w/o κ¯”and “w/o NR”of Table 1, re-
spectively. It is found that the goodness of ﬁt in the
“w/o κ¯”model is much worse than in the favored mod-
el, which indicates the κ¯ has a large conﬁdence level in
our data. If a non-resonant component is removed, the
goodness of ﬁt also becomes worse, indicating the non-
resonant is indeed present in our data.
In the above three models, the contributions of
the three channels K¯∗(1410)0π+, K¯∗2(1430)
0π+ and
K¯∗3(1780)
0π+ are not signiﬁcant, and their ﬁt fractions
are less than 0.2%. Therefore, we remove them from
the ﬁnal model. The ﬁnal model (F) is composed of
a non-resonant component and intermediate resonances
modes, including K0S ρ(770)
+, K0S ρ(1450)
+, K¯∗(892)0π+,
K¯∗0(1430)
0π+, K¯∗(1680)0π+ and κ¯0π+. The projections
of the ﬁt and the Dalitz plot can be found in Fig. 3.
A deviation of eﬃciency between data and MC simu-
lation will cause a deviation of the ﬁt results. Therefore,
a momentum-dependent correction is applied to the ﬁ-
nal results. The results are listed in the column “Fi-
nal”of Table 1.
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Figure 3: The results of ﬁtting the D+ → K0S π+π0 data with ﬁnal
chosen resonances. (a) Distribution of ﬁtted p.d.f. and projections
on (b) m2
π+π0
, (c) m2
K0S π
0 and (d) m
2
K0S π
+
. Residuals between data and
the total p.d.f. are shown by dots with statistical error bars on the top
insets.
In ﬁts with these models, the formalism of the κ is
taken as the complex pole form, and the position of the
pole κ is allowed to ﬂoat as a free complex parame-
ter. The mass and width of the K∗0(1430)
0, taken as a
Breit-Wigner function, are also ﬂoated, since the mea-
sured values from E791 [13] and CLEO-c [15] in the
D+ → K−π+π+ decay are not consistent with the PDG
ones. Finally, the pole of the κ obtained is at (752 ±
15±69+55−73,−229±21±44+40−55) MeV, which is consistent
with the model C result of CLEO-c. And the mass and
width of the K∗0(1430)
0 are 1464 ± 6 ± 9+9−28 MeV and
190 ± 7 ± 11+6−26 MeV, respectively, and are consisten-
t with CLEO-c’s results, while they are not consistent
with the PDG. In the model without the κ¯, the results
are 1444 ± 4 MeV and 283 ± 11 MeV with statistical
errors only, which are consistent with the PDG values.
5. Summary
With the 2.92 fb−1 e+e− collision data collected with
the BESIII detector at
√
s = 3.773GeV, we obtain the
strong phase diﬀerence cos δKπ in D→Kπ decays and
the mixing parameter yCP. Using the same data sam-
ple, a Dalitz analysis of the decay D+ → K0S π+π0 is
performed. We ﬁt the distribution of data to a coherent
sum of six intermediate resonances plus a nonresonant
component, with a low mass scalar meson, the κ¯, in-
cluded. These measurements were carried out based on
the quantum-correlated technique. The preliminary re-
sults are given as cos δKπ = 1.02 ± 0.11 ± 0.06 ± 0.01
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Decay Mode Parameters Favored w/o κ¯ w/o NR Final
Non-resonant FF(%) 4.5±0.7 18.3±0.6 4.6±0.7
φ(◦) 269±6 232.7±1.3 279±6
K0S ρ(770)
+ FF(%) 84.6±1.8 82.0±1.3 86.7±1.1 83.4±2.2
φ(◦) 0(ﬁxed) 0(ﬁxed) 0(ﬁxed) 0(ﬁxed)
K0S ρ(1450)
+ FF(%) 1.80±0.20 6.03±0.29 0.63±0.12 2.13±0.22
φ(◦) 198±4 167.1±2.1 186±8 187.0±2.6
K¯∗(892)0π+ FF(%) 3.22±0.14 2.99±0.10 3.30±0.10 3.58±0.17
φ(◦) 294.7±1.3 279.3±1.2 292.3±1.5 293.2±1.3
K¯∗(1410)0π+ FF(%) 0.12±0.05 0.18±0.05 0.12±0.05
φ(◦) 228±9 301±10 243±12
K¯∗0(1430)
0π+ FF(%) 4.5±0.6 10.5±1.3 3.6±0.5 3.7±0.6
φ(◦) 319±5 306.2±2.0 317±4 334±5
K¯∗2(1430)
0π+ FF(%) 0.118±0.018 0.086±0.014 0.111±0.015
φ(◦) 273±7 265±9 267±7
K¯∗(1680)0π+ FF(%) 0.21±0.06 0.58±0.08 0.43±0.10 1.27±0.11
φ(◦) 243±6 284±4 234±5 251.8±1.9
K¯∗3(1780)
0π+ FF(%) 0.034±0.008 0.055±0.008 0.037±0.008
φ(◦) 130±12 113±9 131±11
κ¯0π+ FF(%) 6.8±0.7 18.8±0.5 7.7±1.2
φ(◦) 92±6 11.6±1.9 93±7
NR+κ¯0π+ FF(%) 18.1±1.4 18.3±0.6 18.8±0.5 19.2±1.8
K0S π
0 S wave FF(%) 18.9±1.0 15.8±1.0 21.2±1.0 17.1±1.4
χ2/n 1672/1209 2497/1209 1777/1209 2068/1209
Table 1: The preliminary results of the ﬁts to the D+ → K0S π+π0 Dalitz plot with statistical errors only for diﬀerent resonance choices, ﬁt fraction
(FF) and phase (φ). The “Final”are momoentum-dependent corrected.
and yCP = (−1.6 ± 1.3 ± 0.6)%. The measurement of
δKπ is the most precise to date. The result of cos δKπ
is the most accurate to date. In the future, global ﬁt-
s can be implemented in order to best exploit BESIII
data in the quantum-coherence productions [22]. The
D+ → K0S π+π0 Dalitz plot is well-represented by a com-
bination of a non-resonant component plus six quasi-
two-body decays, κ¯ included. The results are consistent
with the results of the E791 and CLEO-c collaboration
for the D+ → K−π+π+ decay. The ﬁnal ﬁt fraction and
phase for each component, multiplied by the world av-
erage D+ → K0S π+π0 branching ratio of (6.99±0.27)%
[7], which yield the partial branching fractions shown in
Table 2. The error on the world average branching ratio
is incorporated by adding it in quadrature with the ex-
perimental systematic errors on the ﬁt fractions to give
the experimental systematic error on the partial branch-
ing fractions. The K0S π
0 waves in the D+ → K0S π+π0
decay can be compared with the K−π+ waves in the
D0 → K−π+π+ decay, which is consistent with the ex-
pectation.
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